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???(u; v)??????? vh? x?y???(u0; v0)????????????
???????????. ?????????????????????????
????????????????????????.



























??????????????. ????????? (x; y)??????? v (x; y)
??????? (x0; y0)??????????????????????????
??????????.
v (x; y) ' v (x0; y0) + @v
@x
(x¡ x0) + @v
@y
(y ¡ y0) (2.4)
??????????????????????Pm?????????????
?Km????????????.


























0?v00? u00 = u0¡ @u@yy0 and v00 = v0¡ @v@xx0????????????????
?. ????1?????????????? n? n À m??????????
?????????????? vrn?????????? n £m?????P nm
???????????.
vrn = P nmKm (2.6)
???????? 2.6???????????
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???vh (ri)??? µ (ri)???????¾ (ri)?????­i??????vr???












Correlation Region Correlation Region









???????? x = 0?y = 0?????????????????? 150m?
??????? 6±???????????????? 20????????? 11
????¡30± · ' · 30± ????????????????????????






























????????????d???????? (xc; yc)??????? (x; y)
???? d(x; y) =p
(xc ¡ x)2 + (yc ¡ y)2????????????????????????
?? µ????????.










? 3 ? ????????
???????????????????? (xc; yc)?????rc??????





??????????????????????? [13]. ?????? µ?
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¡ ¼ ((x; y) 2 ­2)
(3.5)
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? 3 ? ????????
????????????????????????? (xc; yc)?????
???? R,???? v??????? ¾? 5?????????????























? 3 ? ????????
Uniform Distribution model Tornado model
Microburst model Gust front model
? 3.2: ????????????????
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? 3 ? ????????
Uniform Distribution model Tornado model
Microburst model Gust front model
? 3.3: VAD??????????????????????
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? 3 ? ????????
Uniform Distribution model Tornado model
Microburst model Gust front model
? 3.4: VVP??????????????????????
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? 3 ? ????????
Uniform Distribution model Tornado model
Microburst model Gust front model
? 3.5: ??VAD??????????????????????
18
? 3 ? ????????
Uniform Distribution model Tornado model
Microburst model Gust front model
? 3.6: ?????????????
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? 3.1: NRMSE in each wind ¯eld model.
Uniform Wind Tornado Microburst Gust Front
VAD 6:50£ 10¡3 1.36 1.79 2.94
VVP 1:25£ 10¡7 7.45 6.15 3.41























? 4 ? ????????????????















































































j j g ¡pj(t+1)¢ < g ³pbestj(t)´o
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? 4 ? ????????????????
pbestj
(t+1) =






































































ri(') · shear segment · rj(') (4.7)
???i?j????????????????????? [14]?????????














? 4 ? ????????????????
(a) Complete PSO (b) Ring
? 4.2: PSO???????????????????
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? 4 ? ????????????????
shear segment
? 4.3: ?????????????????? 0±?????????
(a) (b)
? 4.4: ????????? ((a)??????(b)???????????)
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????????????????????????? xc;est; yc;est; Rest?????






















? 4 ? ????????????????
(a) Observed radial velocity (b) Threshold processing
(c) Edge detection (d) Shear line estimation
? 4.5: ??????????
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? 4 ? ????????????????
Observation of radial velocity distribution
Optimization of wind velocity parameter  each model
⋯
 () ：Evaluation Function
 ()  ()
： Turbulence model number
Comparison of the evaluation function values
Decision of turbulence model 
Reconstruction of the wind velocity vectors
Segmentation and Shear line estimation
? 4.6: ????????????????????????
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vr(ri) = vr(true) +¢vr (5.1)
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? 5 ? ????????
???vr(true)??????????????¢vr???????????????














??????????????????????¯ = 0?????????¯ = 1
????????¯ = 2??????????? 3?????? [19]??????
??? ¯ = 1???????????????????????????????
?????????????????????????????????????
????????








????????????? (vh; µ) = (0m=s; 0±)?????? (xc; yc; rc; vc) =
(150m; 1650m; 150m; 10m=s)???????????? (xc; yc; rc; vc) = (150m; 1650m; 150m; 10m=s)?
?????????? (xc; yc; R; v1; v2) = (¡1350m; 3150m; 2150m; 10m=s; 160m)
????????? ¾????????????? 600m????? 5.1????
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? 5 ? ????????
Fluctuation of  True wind vectors










??????500?????????200?????? (4.3)??????w = 0:729?



















?????????? [0 · vh · 50;¡180± · µ · 180±]????????????
???? [xmin · xc · xmax; ymin · yc · ymax; 0 · rc · 400; 0 · vc · 50]????
???????? [¡3000 · xc · 3000;¡1000 · yc · 5000; 1000 · R · 3000; 0 ·
v1 · 50; 100 · v2 · 200]?????????????????????????
?? xmin; xmax; ymin; ymax?????????????????????????
???????????????????VAD???????????????














? 1????????????????????????? n+ 1???????
?????????????????????????????????????
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??????????? (CPU:Intel Xeon(R) E5-1620(3.6GHz)
??)?






? 5 ? ????????
? 5.1: NRMSE in each wind ¯eld model.
Uniform Distribution Tornado Microburst Gust Front
Trust Region 0.224 1.38 2.17 0.793
PSO 0.205 0.468 0.441 0.801
PSO(¾ =1) 0.052 0.053 0.039 0.099





? 5.3: Wind parameters of tornado model.
xc [m] yc [m] rc [m] vc [m/s]
True 0 1500 200 20
Estimation -1.78 1489 199 20.1
? 5.4: Wind parameters of microburst model.
xc [m] yc [m] rc [m] vc [m/s]
True 0 1500 200 20
Estimation 3.17 1495 212 19.2
? 5.5: Wind parameters of gust front model.
xc [m] yc [m] R [m] v [m/s] ¾ [m]
True -1500 3000 2000 5 140
Estimation -1.63 3126 4.94 133 151
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? 5 ? ????????
Uniform Distribution model Tornado model
Microburst model Gust front model
? 5.2: ???????????????????????????
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? 5 ? ????????
Uniform Distribution model Tornado model
Microburst model Gust front model
? 5.3: ????????????????????????????
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? 5 ? ????????
Uniform Distribution model Tornado model




? 5 ? ????????
? 5.6: NRMSE in each wind ¯eld model.
Uniform Distribution Tornado Microburst Gust Front
VAD 0.654 1.95 1.99 1.67
VVO 2.51 6.94 6.34 4.25
Extended VAD 0.493 1.57 1.34 1.04
PSO 0.255 1.21 0.729 0.837

























? 5 ? ????????
Uniform Distribution model Tornado model
Microburst model Gust front model
? 5.5: ????? (¾ = 0:2m=s)??????????????????????
??
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? 5 ? ????????
Uniform Distribution model Tornado model
Microburst model Gust front model
? 5.6: ????????????????
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? 5 ? ????????
? 5.7: Recognition rate in each wind ¯eld model with Trust Reagion.
True wind ¯eld Uniform Distribution Tornado Microburst Gust Front
Uniform Distribution 100% 0% 0% 0%
Tornado 35.9% 1.73% 2.16% 60.2%
Microburst 41.1% 3.03% 12.5% 43.2%
Gust Front 21.6% 4.32% 1.73% 72.3%
? 5.8: Recognition rate in each wind ¯eld model with PSO.
True wind ¯eld Uniform Distribution Tornado Microburst Gust Front
Uniform Distribution 96.5% 0% 0% 3.46%
Tornado 0% 55.0% 0% 45.0%
Microburst 0.865% 0% 61.4% 37.7%
Gust Front 0% 0% 0% 100%
? 5.9: Recognition rate in each wind ¯eld model with PSO(¾ =1).
True wind ¯eld Uniform Distribution Tornado Microburst Gust Front
Uniform Distribution 100% 0% 0% 0%
Tornado 0% 100% 0% 0%
Microburst 0.865% 0% 100% 0%
Gust Front 0% 0% 0% 100%
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? 5 ? ????????
Recognition results of 
Uniform Distribution model
Recognition results of 
Tornado model
Recognition results of 
Microburst model
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? 7 ? ??
Step 3.
??? r(t)??????r(t) ¸ ¹1?????????p(t+1) = p(t)+d(t)???
?????????r(t) < ¹1????????????????p(t+1) = p(t)
????
Step 4.
???? r(t) ¸ ¹2??????????????4(t+1) = °24(t)????
?????¹1 · r(t) < ¹2??????????????4(t+1) = 4(t)??
???????r(t) < ¹2??????????????4(t+1) = °24(t)??



















? 7 ? ??
???????????? pbest????????? gbest??? (4.4)?
?? (4.5)?????????
Step 5.
































??????????? S = I ¤ g(x; y)???????????I ????

























8<: jrSj(x; y) (jrSj(x; y) > jrSj(x0; y0) \ jrSj(x; y) > jrSj(x"; y"))0 (otherwise) :













? 7 ? ??
(a) Input image
(b) Differential image () (c) Gradient image
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